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ABSTRACT OF THE DISCLOSURE 

A hydraulically reciprocated diaphragm drives a tubu 
lar diaphragm through which material is pumped in posi 
tive displacements, and a predetermined volume of liquid 
couples the diaphragm and the tube and surrounds the 
tube. The diaphragm’s excursion is limited, and the liquid 
volume is set to compress but not expand the tube rela 
tive to its normal cylindrical shape. 

Diaphragm pumps are widely used in metering and 
pumping corrosive or abrasive materials which the dia 
phragm separates from moving pump parts. At the pres 
ent state of the art, such diaphragm pumps use circular 
diaphragms that are reciprocated between apertured sup 
port plates to draw in volumes of pumped liquid and 
force such volumes out. Valves limit the motion of the 
pumped liquid to a single direction so that the diaphragm 
acts as a positive displacement pump. Two of such dia 
phragms can be arranged in series with an inner dia 
phragm driving an outer diaphragm which pumps the 
liquid. This protects the diaphragm driving mechanism 
from a diaphragm failure admitting corrosive or abrasive 
materials past the outer diaphragm. 

_ The disadvantages of such diaphragm pumps are their 
expense and relatively short life under certain adverse 
conditions. The support plates for limiting the diaphragm 
excursion are complex and expensive and expose large 
surface areas to liquid environments. When the liquid en 
vironment is a hostile corrosive or abrasive material being 
pumped, a large surface area is available for attack, and 
an expensive part is rapidly deteriorated. Also, abrasives 
or foreign particles in the pumped liquid can lodge in 
the diaphragm support plate region and damage or 
weaken the diaphragm to reciprocate its failure. 
The objects of the invention include, without limita 

tion: 
(a) Overcoming the disadvantages of prior art dia 

phragm pumps; 
(b) A diaphragm pump that is capable of pumping 

slurries, abrasives, high viscosity products, or highly cor 
rosive materials with ‘ease, simplicity, and reliability; 

(c) A diaphragm pump that allows use of optimum 
wear materials at each part of the pump; 

(d) A diaphragm pump that is simple, reliable, long 
lived, and yet highly versatile in the materials and rates 
it is capable of pumping; and 

(e) A diaphragm pump that better protects its ex 
pensive moving parts from damage from a diaphragm, 
failure. 

These and other objects of the invention will be ap 
parent hereinafter from the speci?cation which describes 
the invention, its use, operation and preferred embodi 
ment, from the drawings, which constitute a part of the 
disclosure, and from the subject matter claimed. 

Generally, the inventive pump includes: a limited ex; 
cursion, reciprocated diaphragm; a ?exible tube forming 
a passageway for pumped material; valves requiring a 
one-way ?ow of pumped material through the tube; a 
liquid-tight chamber around the tube and having the 
diaphragm arranged as a portion of the chamber bound 

5 

10 

20 

30 

55 

70 

3,551,076 
Patented Dec. 29, 1970 ice 
2 

ary; and the chamber being completely ?lled with a pre 
determined volume of liquid. This results in the diaphragm 
driving the tube in compressions and re-expansions to 
normal to serve as a positive displacement pump. Pref 
erably, the volume of liquid is selected so that when 
diaphragm excursion gives the chamber maximum volume, 
the tube assumes its normal con?guration of a cylinder 
of uniform diameter, and when diaphragm excursion gives 
the chamber minimum volume, the tube is compressed. 

In the drawings: 
FIG. 1 is a front elevation of a preferred embodiment 

of the inventive pump; 
FIG. 2 is a cross-section of the pump of FIG. 1 taken 

along the line 2—2 thereof; 
FIG. 3 is a cross-section of a pump of FIG. 2 taken 

along the line 3—3 thereof; and 
FIG. 4 is a cross-sectional view of a preferred alter 

native embodiment of the inventive pump. 
The pumping diaphragm of the inventive pump illus 

trated in FIGS. l—3 is a ?exible tube 10 arranged so 
that the pumped liquid or material 28 (shaded for purple) 
passes through tube 10. Tube 10 is preferably formed of 
a ?exible material resistant to liquid 28 and having a 
substantial ?ex-life. Preferred materials for tube 10 in 
clude ?uorinated elastomers or ?uorinated or polytetra 
?uorinated polymers such as polytetra?uoroethylene. Ball 
valves 11 and 12 restrict the ?ow of liquid 28 to the di 
'rection indicated by the arrows in FIG. 2 so that when 
tube 10 is compressed to its broken line position as shown 
in FIG. 2, liquid 28 is forced out through outlet valve 
11, and when tube 10 is re-expanded to its solid line 
position, liquid 28 is brought in through inlet valve 12. 
Tube 10 and valves 11 and 12 are arranged in a re 

agent head 13 including a plate 32 forming cylinder 14, 
valve housings 15 and 16, collars 17 and 18, caps 19 
and 20, and connector plates 21 and 22 secured together 
by bolts 23 and 24. Each end of tube 10 is formed with 
a peripheral ?ange 25 that is clamped between cylinder 
14 and collars 17 and 18 respectfully to form a liquid 
tight seal between tube 10 and the pump housing. 
A chamber formed within cylinder 14 surrounds the 

mid-section of tube 10 and is ?lled with a coupling liquid 
30 (shaded for gray). Tube 10 is ?exed and driven 
through coupling liquid 30 as described below. 
A conventional circular diaphragm 31 is secured be 

tween head plate 32 and body plate 33 of the pump and 
'has apertured support plates 34 and 35 arranged on its 
opposite sides for limiting its excursion. Diaphragm 31 
forms a portion of the boundary wall of the chamber 
surrounding tube 10 and containing liquid 30 so that 
diaphragm 31 communicates with tube 10 through cou 
pling liquid 30. Diaphragm 31 is preferably formed of 
polyurethane or a similar synthetic resin. 
Diaphragm 31 is reciprocated between support plates 

34 and 35 by piston 36 that is reciprocated in cylinder 
37 as shown by the arrows. A driving liquid 29 (shaded 
for purple) communicates with piston 36 and diaphragm 
31 so that the, reciprocating motion of piston 36 im 
presses a corresponding reciprocating motion on dia 
phragm 31. Spring-loaded ball valves 38 and 39 are ar-,' 
ranged in respective inlet and outlet openings for regu 
lating the amount of liquid 29. Plugs v40, 41, and 42 stop' 
?lling and drain holes for the liquids 29 and 30. 
‘Liquid 29 is preferably oil, Ib'ut'can be any suitable hy- " 

draulie material. Liquid 30 is preferably compatible with 
the material 28 Ibeing pumped so that minimum damage 
will be done by any rupture of tube 10. Liquid 30 can be 
water for many applications. If liquid 30 is properly se 
lected, detectors such as electrical detectors or visual de 
tectors can be used to indicate any leakage of the pumped 
material 28 into the chamber normally ?lled by liquid 30. 
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Tube 10 normally assumes the con?guration of a cyl 

inder with uniform diameter such as shown in solid 
lines in FIG. 2, and the amount of liquid 30 is selected so 
that tube 10 assumes such normal con?guration when 
diaphragm 31 is in its maximum excursion position as 
illustrated in solid lines in FIG. 2. This results in repeated 
compression of tube 10 inward from its normallyas 
sumed cylindrical shape, but no expansion of tube 10 out 
ward beyond such cylindrical shape. Since the amount of 
liquid 30 in the chamber surrounding tube 10 is ?xed 
and cannot increase, such a relationship between tube 
10 and diaphragm 31 is readily maintained during pump 
ing. 

In the alternative embodiment illustrated in FIG. 4, 
resilient tube 45 is arranged in a similar fashion in head 
46 with ball valves 47 and 48 checking the inlet and out 
let respectively for pumped material 49 (shaded for 
purple) moving through tube 45. The chamber surround 
ing tube 45 is ?lled with a coupling liquid 50 (shaded 
for gray) of a pre-selected volume. Plugs 51 and 52 stop 
the inlet and outlet openings to the chamber containing 
liquid 50. Circular diaphragm 53 and one of its support 
plates 54 are shown in communication with liquid 50 
for driving tube 45 in a manner similar to the embodi 
ment of FIGS. 1-3. The differences in the FIG. 4 em 
bodiment are generally a simpli?ed pump housing and 
reagent head 46 affording more economical construc 
tion. 

In operating the embodiment of FIGS. 1-3, a power 
source reciprocates piston 36 in cylinder 37 to make re 
ciprocating displacements in driving liquid 29. These 
move diaphragm 31 in a reciprocating motion between 
its support plates 34 and 35. The motion of diaphragm 
31 produces displacements in coupling liquid 30 that 
repeatedly squeeze tube 10 inward to discharge material 
28 through outlet valve 11 and then draw tube 10 back 
to its normal cylindrical con?guration to intake liquid 
28 in through inlet valve 12. The result is positive dis 
placement in tube 10 that move the pumped liquid 28 
in the direction of the arrows in FIG. 2. 
The ?exure of tube 10 is controlled through its direct 

relationship with diaphragm 31 whose excursion is 
limited. Regardless of blockages or other conditions in 
the line for the pumped material 28. Diaphragm 31 is 
limited in its travel between support plates 34 and 35. 
Also, the amount of coupling liquid 30 is predetermined 
and ?xed so that only predetermined displacements are 
transmitted to tube 10. Hence tube 10 cannot be over 
compressed or forced into the outlet, nor can it be over 
expanded to be drawn outward beyond its normal cylin 
drical shape. This protects tube 10 against undue stresses 
and prolongs its life. Also, it allows the inventive pump 
to be used safely on high viscosity materials and in cir 
cumstances in which line pressures ?uctuate widely. 
Tube 45 of the embodiment of FIG. 4 is subjected 

to a controlled ?exure in a similar manner by di 
aphragm 53. 

Only the valves and a minimum of surfaces of the 
inventive pump are exposed to the pumped liquid, and 
deterioration of parts from corrosive or abrasive mate 
rials in the pumped liquid is minimal. A simple reagent 
head mounts tubes 10 or 45, and since their ?exure is 
controlled, they can be formed of ?exible materials that 
are highly resistant to the pumped material and still main 
tain a long life. The large surface areas and complex 
con?gurations of support surfaces 54 or 34 do not contact 
corrosive materials and are not worn excessively during 

10 

20 

40 

45 

50 

55 

60 

65 

4 
pumping. Furthermore, eliminating a set of, such complex 
and expensive support surfaces materially reduces the 
expense of the inventive pump. Conventional diaphragms 
31 and 53 can be formed of materials most suited to mov 
ing between support surfaces, for example, polyurethane. 
Such materials are not also the most resistant to cor 
rosive materials that must be pumped. The optimum 
material such as polytetra?uoroethylene for tubes 10 and 
45 is not deteriorated by the pumped material, but is not 
satisfactory as a conventional diaphragm, because cold 
?ow against support surfaces soon deteriorates and 
destroys a conventional circular diaphragm made of mate 
rials like polytetra?uoroethylene. Hence, the inventive 
pump permits use of optimum materials for each func 
tion within the pump. ' 

Thus, it can be seen that the invention accomplishes 
its objects in providing a reliable, versatile, and long 
lived pump capable of pumping and metering corrosive 
and abrasive materials. 

I claim: 
1. A pump comprising: 
(a) a reciprocating piston; 
(b) a diaphragm; . 
(c) aperture plates arranged on each side diaphragm 

to limit its excursions; 
(d) means enclosing a volume of driving liquid be 
tween said piston and said diaphragm; 

(c) said enclosing means having an inlet and an out 
let; 

(f) a valve arranged in said inlet to regulate the in?ow 
of said driving liquid; 

(g) a valve arranged in said outlet to regulate the out 
?ow of said driving liquid; 

(h) a ?exible tube con?gured as a cylinder of uniform 
diameter and arranged to form a passageway through 
said tube for material to be pumped; 

(i) valve means for limiting the ?ow of said material 
through said tube to a pre-determined direction; 

(j) means for forming a sealed and liquid-tight cham 
ber around said tube; - 

(k) a portion of the boundary wall of said chamber 
being formed of said diaphragm; and 

(1) said chamber being substantially completely ?lled 
with a pre-determined volume of liquid so that said 
tube normally assumes said cylindrical con?guration 
when said excursion of said diaphragm gives said 
chamber maximum volume. 

2. The pump of claim 1 including ?anges on the ends 
of said tube and means for clamping said ?anges against 
said chamber forming means. 

3. The pump of claim 1 wherein said tube is formed of 
a polytetra?uorinated polymer. . 

4. The pump of claim 1 wherein said tube is formed 
of a ?uorinated elastomer. 
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